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http://dx.doi.org/10.1016/j.jds.2012.0Abstract Background/purpose: The aim of this study was to investigate the slumping resis-
tance during modeling of four light-initiated composite materials before their polymeriza-
tion.
Materials and methods: Filtek Supreme XT (3M-ESPE, Seefeld, Germany), Enamel Plus HFO
(GDF, Germany), Tetric EvoCeram (Vivadent, Liechtenstein), and Synergy D6 (Coltene,
Whaledent AG, Switzerland) were used to measure the shape deformation (i.e., slumping).
Three different molar shapes of composites were obtained from customized silicon molds.
The surface of each sample was digitized with a 3D laser scanner (400 slices, with a lateral
resolution of 25 mm) every minute up to the first 4 minutes. The 3D datasets at each point
in time were numerically superimposed with matching software. Differences in deforma-
tion were calculated relative to the baseline measurement.
Results: We found the lowest surface change for Synergy D6 with tooth molds 1 and 2
(21e37 mm) and Tetric EvoCeram with tooth mold 3 (29e37 mm). Enamel Plus HFO had
the largest surface change of all tooth molds and all observed time intervals. Significant
differences (P < 0.05) in material type factors were determined among all tested
composites. Synergy D6 and Tetric EvoCeram presented no significant differences with
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Slumping resistance of composites 331Conclusion: With this method, the handling characteristic of different composite materials
can be identified. Results of this study can quantify slumping differences and help select
materials for their intended use.
Copyright ª 2012, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Dental resin-based composite materials have become
increasingly popular in the past decade because of highly
improved mechanical properties and high esthetic
demands. Dentists fill cavities, build up the core of teeth
after endodontic treatment, repair porcelain, and even
directly make veneers with composite materials. Resin
composite materials are mainly composed of an organic
matrix and inorganic fillers which display different viscosi-
ties and mechanical properties. The viscosity of composite
materials depends on the composition and amount of resin
matrix, the content, shape, size distribution, and silane
treatment of the inorganic filler, the interlocking among
filler particles, and interfacial interactions between filler
particles and the matrix resin.1e5
The available literature describes the mechanical prop-
erties and behaviors of various resin composites. Although
handling characteristics have been less discussed in the
literature, they are one of the greatest concerns of dentists
who perform the above procedures.
The handling characteristics of a composite materi-
aldsuch as its plastic properties, ease of placement and
shaping of the restored cavity, adherence to the tooth
surface and not to instruments, its ability to hold a shape
after modeling and before curing, and its slumping resis-
tancedare directly related to its viscosity, consistency,
elasticity, and flowability.1 Handling properties are impor-
tant parameters for practitioners when choosing composite
materials for clinical use. The material is not acceptable if
it cannot be readily controlled to produce what the prac-
titioner wants within the time available for composite
application in a prepared cavity. The ideal composite
should not flow until pressure is applied to it when sculpting
a cusp, groove, or marginal ridge. Once the composite is
inserted into a cavity and pressed with a condenser, it is
desirable that the composite flows into those areas where it
is needed. When the pressure is removed, an ideal material
should stay in place.6
Lee et al1 stated that viscosity decreases with an
increasing shear rate and temperature, whereas it rises
with an increasing filler content. The influence of temper-
ature is why composites, which come out hard when dis-
placed with a hand instrument from a syringe at room
temperature, can be easily molded into a prepared cavity
and sculpted in the oral cavity.7
An important factor for assessing the handling properties
of composite materials is their consistency. The minimum
value of consistency for acceptable clinical handling is still
not clear.8 According to Jordan and Suzuki,9 composites
should have a high consistency which can be defined as the
degree of solidity or fluidity of the material. The stickinessof composites is another factor that affects their handling
characteristics, as well as marginal adaptation especially in
posterior cavities. Any material that sticks to the condenser
may pull back when the condenser is removed and lead to
marginal opening, even though it is described as
a condensable composite.8 The quality of low stickiness is
important to ease the transfer of the material from the
packaging container to the prepared cavity. Although it is
important for the composite not to stick to dental instru-
ments, it is also important for it to stick to cavity walls.6
Hansen and Asmussen10 investigated the influence of
manipulation of a resin composite on the adaptation to
cavity walls and concluded that extensive manipulation of
composites in a cavity results in increased marginal
porosity.
Although the handling characteristics of unset composite
materials are very important for clinical applications, very
few objective evaluation methods are available in the
scientific literature to quantify and compare these prop-
erties. Only a few studies have addressed the slumping
tendency of composites as a clinically encountered char-
acteristic of the composite materials.11,12 For example, Lee
et al12 used an imprint method and 3D profilometer to
analyze the slumping resistance and viscoelasticity of
dental composites. Again, “slumpiness” is very important
especially when placing and shaping the last increment or
composite material in a cavity.
In this study, we evaluated four different dental
composites based on a developed slumping test method
using 3D laser scanning measurements combined with
image registration which can be of high clinical relevance
because of the use of real teeth shapes.11Materials and methods
Four different materials were selected for this study based
on differences in their filler compositions. Filtek Supreme
XT (3M-ESPE, Seefeld, Germany) is a nano-filled composite
with solegel-made nanomer fillers and calcinated nano-
cluster fillers; Enamel Plus HFO (GDF, Rosbach, Germany)
mainly has submicron-sized conventional glass fillers with
conventional microfillers to adjust the viscosity; Tetric
EvoCeram (Vivadent, Schaan, Liechtenstein) has, besides
traditional submicron glass fillers, microfillers, and radio-
opaque metal oxide fillers, large prepolymerized particles,
which themselves include hybrid glass fillers; and Synergy
D6 (Coltene, Whaledent AG, Altsta¨tten, Switzerland),
which consists of prepolymerized particles with hybrid-type
glass fillers, conventional submicron-sized glass fillers,
microfillers, and nano-filler particles. Details of the
composite materials are summarized in Table 1.
Table 1 Light-initiated composite resin materials used in the study.
Composite resin Composition Shade Batch no./
Expiration date
Manufacturer
Tetric EvoCeram
(nanohybrid
composite)
Filler: 75e76 wt.%
Barium glass, ytterbium trifluoride, mixed
oxide, prepolymer (82e83 wt.%), 40e3000 nm,
mean size 550 nm
A3 J08542/2010 Mar Vivadent, Schaan,
Liechtenstein
Synergy D6
(nanohybrid
composite)
Filler: 80 wt.% (65 vol.%)
Amorphous silica, barium glass,
prepolymerized filler (7%)
range of particle sizes 0.02e2.5 mm, average
size 0.6 mm
A3/D3 0089437/2009 May Coltene, Whaledent
AG, Altsta¨tten,
Switzerland
Enamel Plus HFO
(microhybrid
composite)
Filler: 75 wt.% (53 vol.%)
Glass filler mean particle size 0.7 mm, highly
dispersed silicone dioxide: mean particle size
0.04 mm
B3 2002004238/2007 Jun GDF, Rosbach,
Germany
Filtek SupremeXT
(nanohybrid/
nanocluster
composite)
Filler: 78.5 wt.% (59.6 vol.%)
Aggregated zirconium/silica filler, average
cluster particle size 0.6e1.4 mm with primary
particle size 5e20 nm and a non-agglomerated
20-nm silica filler
A3 3910A3B/2009 Mar 3M ESPE, Seefeld,
Germany
332 T.-M. Wang et alAs previously described by Chiang et al,11 the occlusal
surface of three randomly selected human molars served as
a template to fabricate silicon molds for the experiments.
The occlusal surface of each molar was cut with a water-
cooled low-speed diamond saw (Leco Varicut VC50; Leco,
Kirchheim, Germany). The sliced occlusal surfaces were
glued with cyanoacrylate to the bottom of a cylindrical
Polymethylmethacrylate mold with a diameter of 2 cm, and
the surface was replicated with silicon impression material
(Adisil Rose; Siladent, Goslar, Germany). These silicon
impressions were used after setting a tooth mold for the
composite resin samples (Fig. 1). Four samples were made
for each silicon mold and for each composite material.
To simulate the approximate oral temperature condi-
tions to examine the material viscosity, the composite
material was protected with a plastic bag and heated in
a water bath on a heating plate (Pra¨zitherm PZ 34, Bach-
ofer, Reutlingen, Germany) to a temperature of 30C
before placement in a prepared silicon mold. The tooth
molds were filled with composite using hand instrumentsFigure 1 Illustration of slumping measurements for dental
composite resins.(a small spatula and condenser) to avoid air inclusion and
pressed onto the surface of microscopic glass slides (Fig. 1).
The composite materials adhered adhesively to the glass
surface after the silicon mold was removed.
The surface of the thus-prepared composite samples was
digitized in three dimensions with an optical sensor. Before
the baseline measurement began, the surface of the
composite replicate of tooth slices was covered with a thin
layer of titanium dioxide powder (CEREC Propellant Spray;
Vita, Bad Sa¨ckingen, Germany), which is necessary to
obtain a diffusively reflective surface that is a prerequisite
for the optical scanning process.
The laser scanner (Laserscan 3D; Willytec, Mu¨nchen,
Germany) is a triangulation scanner equipped with a 650-
nm laser diode. The wavelength of the laser and the low
intensity (5 mW) ensured that polymerization of the
composite materials was not initiated by the laser beam.
The laser scanner digitizes a light profile with 512 pixels for
each scan. To measure the entire surface of the composite
samples, 400 profiles were acquired per single 3D scan. The
lateral resolution of the scanner is 25 mm in the x- and y-
directions. The vertical resolution in the z-direction is
better than 10 mm.
Approximately 50 seconds is needed to apply the
composite from the silicon mold to the microscopic glass
slide, mount the slide on the sample stage, position the
stage below the scan line, and enter the measurement
parameters. Therefore, the baseline evaluation was
finished 1 minute after the composite was removed from
the tooth mold. Three additional 3D scans were made at 2,
3, and 4 minutes after demolding. No further measure-
ments were added as this would be far beyond a clinically
relevant time.
The images obtained were registered to calculate
changes due to deformation. The composite tooth shape
was marked as the region of interest for the quantitative
evaluation. The slumping value was calculated by summing
Slumping resistance of composites 333the difference of each pixel except for differences of 3.5
standard deviations of all pixels. The mean slumping value
between the baseline and follow-up images was calculated
within the region of interest (Fig. 2).
The statistical analysis was performed with SPSS 14.0
(SPSS, Chicago, IL, USA). In addition to descriptive statis-
tics, the influences of factors including composite material
(composite), tooth mold (mold), and observation time
(time) were evaluated with a three-factorial analysis of
variance (ANOVA). Tukey’s B was used as the post-hoc test
with significance set at a Z 0.05.Results
The datasets of the three different tooth molds were
analyzed to compare the dimensions of the composite
volumes. Results of the occlusal shape deformation are
summarized in Table 2. In general, the height of the cusp
was reduced, whereas fissures showed increases in the
vertical dimension. Visually, no differences in the surface
change patterns could be identified among the different
shapes and materials.
The Synergy D6 composite material showed the greatest
stability, that is, the smallest surface changes after each
observed time interval for tooth molds 1 and 2. TetricFigure 2 Representative slumping measurement of the Enamel Pl
The dashed line along the buccal cup tip indicates the matching su
along a single line of the 3D scanned surface. Sculpting of the oc
minutes (arrow).EvoCeram and Filtek Supreme XT showed the least surface
changes for tooth mold 3 and the highest for tooth mold 1.
In contrast to this, Synergy D6 exhibited the largest surface
differences for tooth mold 3 and the lowest for tooth mold
1. Enamel Plus HFO showed the highest differences, just
like Synergy D6, for tooth mold 3, whereas the lowest
values were recorded for tooth mold 2.
In Table 2, it can be seen that amount of deformation
increased with increasing time for all tooth molds and
composite materials tested, but the three-factorial ANOVA
showed that there was no significant influence of the time
factor. The composite material factor was the only factor
that had a significant influence (P < 0.001) on outcome
values. However, the interaction between the composite
material and composite volume factors also had a signifi-
cant influence. This significant interaction was the reason
why the additional two-factorial ANOVA was added where
the values over the measurement intervals were pooled to
obtain more-detailed information on the composite mate-
rial and composite volume factors. This two-factorial
analysis confirmed the previous finding that the composite
material factor had a highly significant influence. In addi-
tion, the influence of the composite volume factor was also
significant (P < 0.05).
Based on these findings, differences among the mate-
rials were tested for each individual tooth mold with a one-us HFO resin composite. (A) 3D scanned image at the 1st minute.
rface. (B) 3D scanned image at the 4th minute. (C) Plot profiles
clusal cusp and fissure shifted to the left and upward after 4
Table 2 Slumping values of each tested composite and tooth mold at different time interval after modeling occlusal shape
(N Z 48, n Z 4).
Composite Time interval (min) Tooth mold 1 Tooth mold 2 Tooth mold 3
Mean (mm) SD (SE) Mean SD (SE) Mean SD (SE)
Tetric EvoCeram 1e2 36 25 (5) 34 29 (5.39) 29 24 (4.90)
1e3 45 32 (5.66) 44 31 (5.57) 31 22 (4.69)
1e4 46 25 (5) 44 22 (4.69) 37 31 (5.57)
Synergy D6 1e2 21 4 (2) 29 21 (4.58) 39 32 (5.66)
1e3 27 5 (2.24) 34 28 (5.29) 40 28 (5.29)
1e4 30 3 (1.73) 37 31 (5.57) 41 30 (5.48)
Enamel Plus HFO 1e2 104 31 (5.57) 91 22 (4.69) 144 71 (8.43)
1e3 115 34 (5.83) 95 11 (3.32) 187 103 (10.15)
1e4 138 38 (6.16) 104 11 (3.32) 207 108 (10.39)
Filtec SupremeXT 1e2 59 37 (6.08) 43 25 (5) 40 22 (4.69)
1e3 70 41 (6.40) 53 27 (5.20) 44 23 (4.80)
1e4 87 55 (7.42) 57 26 (5.10) 46 18 (4.24)
SD Z standard deviation; SE Z standard error.
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molds 1 and 2, two identical homogenous subsets were
identified. For both tooth molds, the Synergy D6 and Tetric
EvoCeram materials could not be statistically differenti-
ated. Both materials, Synergy D6 and Tetric EvoCeram,
statistically significantly differed compared to the second
homogenous subset: Filtek Supreme XT and Enamel HFO
Plus. For tooth mold 3, again, no difference could be
calculated between Synergy D6 and Tetric EvoCeram.
However, the Filtek Supreme XT material was in the same
homogenous subset, which means that these three mate-
rials were statistically not differentiable, and all three
significantly differed from Enamel HFO Plus.Table 3 The mean surface change of each material in
each tooth mold was listed within the rows.
Tooth
molda
Composite material Homogenous
subset (group
mean; mm)
No. 1 Synergy D6 26
Tetric Evo Ceram 42
Filtek Supreme XT 110
Enamel HFO Plus 134
No. 2 Synergy D6 34
Tetric Evo Ceram 41
Filtek Supreme XT 74
Enamel HFO Plus 91
No. 3 Tetric Evo Ceram 32
Synergy D6 40
Filtek Supreme XT 59
Enamel HFO Plus 177
a For each tooth mold, a separate one-factorial analysis of
variance (ANOVA) was calculated. The data for the different
times in Table 2 were pooled because time had no significant
influence. Results of the three ANOVAs are summarized so that
each row, identified by the tooth mold, represents the result of
one analysis. Homogenous subsets were calculated which are in
the same vertical column (a Z 0.05).Discussion
It is of great importance that a material stays in a certain
form until light curing is applied. For this purpose, the
slumping characteristics of the four composite materials
with different tooth crown sizes and at different time
intervals before setting were observed using 3D laser scan
measurements.
The rheological behavior of the unset material can be
highly variable. Rheological properties of restorative
materials suggest that the method of manipulation during
placement of composite materials in a cavity can influence
the success or failure of the restoration.4 Until recently, the
“slumpiness” of composite materials was rarely described
in the literature. Lee at al12 used a 3D noncontact profil-
ometer to determine the slumping resistance. However, no
standard method is available at this time. In this study, an
optical 3D scanner was used. For the composite sample
shape, we used a natural tooth surface as the most clini-
cally relevant option. This ensured the correct anatomy of
the occlusal surface and proportions of cusps and fissures.
Three different thickness levels of composite samples were
used. The thinnest sample was 2 mm because this is
a composite increment that can be properly cured. The two
other increments were thicker because some manufac-
turers claim that their composites or curing lights can
optimally cure thicker composite increments. Temperature
was the second factor considered in this experiment. We
used a temperature of 30C because the temperature on
the tooth surface is higher than room temperature and
lower than body temperature. An optical 3D scanner was
used for determining surface changes. This scanner has
a wide measuring range and high vertical resolution.
Unfortunately, as with all types of high sensors, it is limited
in steep vertical areas. The triangulation angle of the
optical setup causes shadows in steep areas.11 Therefore,
areas with surface inclination of 60 were automatically
eliminated from the evaluation.
Results of our experiment showed a significant differ-
ence between Tetric EvoCeram and Synergy D6 composite
Slumping resistance of composites 335materials in relation to Filtec SupremeXT and Enamel Plus
HFO composites for tooth mold 1. For tooth mold 2, there
were significant differences between Filtec SupremeXT and
the other tested composites, and for tooth mold 3, there
were significant differences between Enamel Plus HFO and
the other composite materials used in the experiment. In
general, the greatest stability, or slumping resistance, was
shown by the Synergy D6 and Tetric EvoCeram composite
materials, and the lowest stability was noted using the
Enamel Plus HFO composite. It was expected that slumping
would be influenced by time and the composite resin
thickness (i.e., the tooth mold size), but no significant
difference between those two parameters was found. Only
in the case of the Filtec SupremeXT composite material was
a significant influence of tooth mold on the slumping value
recorded. The most similar behavior was recorded in the
case of Tetric EvoCeram and Filtec SupremeXT composite
materials. In contrast to the Synergy D6 and Enamel Plus
HFO composites, Tetric EvoCeram and Filtec SupremeXT
showed the lowest slumping with tooth mold 3, followed by
tooth molds 2 and 1. This is what was expected regarding
the composite resin thickness. It was also noted that for
stickier materials, this method presented larger variations
during removal of the tooth mold especially with tooth
mold 1. These results of the tested composite materials can
be explained by the different compositions of the inorganic
filler, different shapes and sizes of the filler particles, and
the organic matrix.
Hansen and Asmussen10 found that extensive manipula-
tion of composite material can result in marginal porosity.
However, a practitioner requires more time to sculpt
occlusal surfaces. Because some clinical conditions require
greater fluidity of a composite material, others prefer
composites to be firm enough to allow sculpting. Some of
these conditions can be controlled by the proper selection
of a composite material with a different consistency or
viscosity. Although several laboratory researchers pointed
out that the viscosity of composite materials has a direct
relationship with their composition,1 studies by other
authors indicated that this is not an essential rule. Al-
Sharaa and Watts6 reported that mechanical properties do
improve with filler loading and minimal stickiness, following
the trend described above. However, they found no corre-
lation between the inorganic filler particle size of
composites and the stickiness parameters.
From observed values and compositions of the composite
materials, the Tetric EvoCeram and Synergy D6 composites,
because of their greater ability to maintain a constant
shape of the modeled occlusal surface, could be suggested
for use in the posterior region, whereas Enamel Plus HFO
could be suggested for use in the frontal region where no
modeling is required. Filtec SupremeXT can be used for
both anterior and posterior fillings.
Clinical challenges for further investigation, which are
important for dentists, include handling properties that can
ensure void-free placement, decreased moisture sensi-
tivity, and improving the shaping ability before hardening
of the composite material.13
We cannot say which material is good or bad for dental
use based on the slumping test; instead, we can chooseoptimal materials for different applications according to
their slumping properties.
These results can be of great help to dentists when
selecting a composite material and to researchers in future
studies to improve the handling properties of composite
materials. Among the tested composite materials, the
lowest slumping during the observed time was shown by
Synergy D6 and Tetric EvoCeram and the highest by Enamel
Plus HFO composite materials for all tooth molds, that is,
the tested thickness of composite materials. The greatest
influence on slumping from the tested parameters (time,
volume, and composite material) was from the composite
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